
UNCLASSIFIED

AD NUMBER

AD467727

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative and Operational Use; Jul
1965. Other requests shall be referred to
the Army Medical Rsearch and Development
Command, Attn: Office of the Surgeon
General, Washington, DC 20315.

AUTHORITY

USAMRDC, per ltr dtd 13 Dec 1965

THIS PAGE IS UNCLASSIFIED



SECURITY
MARKING

The classified or limited status of this report applies

to each page, unless otherwise marked.
Separate page printouts MUST be marked accordingly.

THIS DOCUMENT CONTAINS INFORMATION AFFECTING THE NATIONAL DEFENSE OF
THE UNITED STATES WITHIN THE MEANING OF THE ESPIONAGE LAWS, TITLE 18,
U.S.C., SECTIONS 793 AND 794. THE TRANSMISSION OR THE REVELATION OF
ITS CONTENTS IN ANY MANNER TO AN UNAUTHORIZED PERSON IS PROHIBITED BY
LAW.

NOTICE: When government or other drawings, specifications or other
data are used for any purpose other than in connection with a defi-
nitely related government procurement operation, the U. S. Government
thereby incurs no responsibility, nor any obligation whatsoever; and
the fact that the Government may have formulated, furnished, or in any
way supplied the said drawings, specifications, or other data is not
to be regarded by implication or otherwise as in any manner licensing
the holder or any other person or corporation, or conveying any rights
or permission to manufacture, use or sell any patented invention that
may in any way be related thereto.



UNCLASSIFIED

AD_ _ _

Report No. 1

APR-I

The Metabolic Effects of Fever and Infection (u)

ANN IL PROGRESS PEPORT; ' " b y

IPVING GRAY, Ph.D
Professor of Biology

1 Jul-,'1'34 30 June 1965

L

* <U. S. Army Medical Research and Development Command
Office of the Surgeon General, Washington D. C. 20315

Research Contract No. DA 45 193 iD 2598
Department of Biology, Georgetown University

'-.shington, D. C. 20007

UNCLASSIFIED



Table of Contents

Lae

2. DDC Availability

3. Title Page

41. Summary

5. Forcword

6. Report-I. Effect of Liver on Protein Turnover
II. The Aetaboiic Effects of Bacteria. To:<in

8. i-ateria&, and Methods

10. Literature Cited

11. Document Concrol Data - R & D - e (/6
12. Tlble 1 - Chanres in Serum Globulin in Fever

13. T:ble 2 - Depression of Strain Globulin Turnover

14. Table 3 - Changes in Q02 resulting from injection of
anthrax toxin.

T4le 4 Results of Multiple Analysis with the
Autoanalyzer. For In VIVO Studies.

16. Abstract DD form 1473



-2-

DDC Avalability

0,ualLied requestors may obtain copies of
this report from Headquarters, Defense Documentation
Center, ATTN: DDCIR, C.-meron Station, Alexandria,
Virginia, 22314.

1|



-3-

TITLE PT.GE

AD

ANNUAL PROGRESS REPORT NO. 1
I Jul- ISrG4 - 30 June 1965

The Metabolic Effects of Fever and Infection

PRINCIPAL INVESTIGATOR
IRVING GRAY, Ph.D
Professor of Biology

Department of Biology
Georgetown University, Washington, D. C.

D. A. Project No. IC622401A096 01 911
U. S. Army Mdica! Research and Development Command
Office of the Surneon General., Waslington, D. C. 20315

Research Contract No. DA 49 IS3 MD 2598

,



The purpose of this research has been to carry out studies

on the mechanism of the infections process. Two primary approaches

have been taken. (a) The effect of fever on protein turnover

and its contribution to the negative nitrogen balance associated

with this condition.(b) The effect of a bacterial exotoxin

(anthrax) on the metabolism of certain critical organs. In as

much as anthra, toxin produces a very definite and extensive lung

edema, the first organ studied was the lung and the oxidative

metabolism was the function followed. Certain ancillary studies

were carried out to tr" k-o detect low concentration of circulating

antigenic material.

By using methionine - S-35, it has been demonstrated that

the hyperthermia (106*F) causes about a 30% decrease in protein

turnover from control animals at 1000F. There is also an increase,

about 10%, in the break down rate of the plasma globulin.

When rats are injected with anthra:: toxin, the oxygen utilisa-

tion of the lungs as meuwa ed by Worburg manometric techniques is

reduced by 30. from controls injected with saline or non-toxic

growth medium. It appears that the cause of this depression is

the loss of DP from the tissue. It would thus appear that the

lung edema could be the result of the inability of the cells to

produce the energy necessary to mu'intain their integrity.
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I. Effect of Fever on Protein Turnover

Briefly and generally stated, it is postulated that the abnormal

nitrogen metabolism and balance associated with acute infection is

the result of the effects of both the fever that accompanies the

infection and the growth and metabolism of the microorganism causing

the infection. It is felt that the effect of the fever is controlled

through the energy metabolism as mediated through the thyroid gland.

The microorganism also requires that the host energy metabolites

contribute to the growth of the organism and that amino acids, nucleo-

tides, fatty acids and other metabclites of the host be supplied.

It is expected that the data obtained in these studies will enable a

delineation of these processes and show the direction to be taken in

order to describe these changes at the level of cellular and sub-

cellular biochemistry and physiology.

We have previously deionstrated that (1) virus infection causes

an increase in protein synthesis and (2) bacterial infection causes

an increase in protein turnover and (3) that there is a difference

in the effect of fever (depression) and virus (stimulation) of protein

turnover in chimpanzees. The studies undertaken here have been

carried out in rabbits.

The methods to produce the fever in rabbits were identical with

that used in the chimpanzees studies (3). The methods for the

fractionation of the protein and preparation for counting was as in

(3) except that the alkaline solution of protein was placed in liquid

scintillating medium and counted in a liquid scintillation counter.

aLi analytical methods as in (3).

|I



In the limited number of r.l'bits st'riied it is apparent that

fever in this species caused a & prc;sibn in] the protein turnover

(table 1,2). If one calculates 4'e .' control that each exoerimental

value is, we see that there is a slow but definite increase in the

average rate of loss.

It is felt that in light of these results, as well as those

in the cited work, that it would now be time to determine the cellular

mechanism involved in the observed changes. Thus, the current experi-

ments are being carried out on liver tissue from both experimental and

control rabbits. The liver has been selected because it is the principal

organ of protein metabolism.

As in the chimpanzee experiments (3) it is apparent that the

negative nitrogen balance associated with fever(4) or infection(S)

could be the result of the increased protein breakdown and the

decreased protein turnover observed in these experiments. Continued

studies are being undertaken to clarify these hypotheses.

II. The Metabolic Effects of B&cterial Toxin

The Effect of Anthrax Toxin on Oidative Metabolism of Lung Tissue

When sterile, cell-free growth medium in which Bocillus anthrecia

has been grow was injected intravenously into rats, the rats died

6- 7)" Extensive work has gone Into the demonstration, characterization

and identification of the toxin and the componets Into which it has

been separated 48-IO. Since only little Is known as to the mechanism

of the toxic action, studies were undertaken to examine the biochemical

lesion associated with affected tissues. Lun involvement is a known

significant sympton of anthrax (11). Prior reports (7) have shown that

there is marked lung involvement. Therefore, this tissue was selected

for the work reported here.
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White, male, rats 250 - 25 gmis, Fisher strain, were used throch-

out. Experimental rats were injected intravenously via the penal

vein with 2 ml of anthrax toxin (supplied by Dr. MErtha K. Wi.rd,

U. S. Army Medical Unit, Fort Detrick, Maryland). The unconscious

animals were sacrificed just prior to death, usuolly 60-75 minutes

after injection, by opening the chest and removing the lungs. Control

rats, injected with 2 ml of sterile saline or 2 ml of sterile growth

medium, were rendered unconscious by a blow to the base of the skull

75 minutes after injection and sacrificed in the same manner as

experimental animals. The lungs were removed, quickly freed of

connective tissue, blotted with filter paper to remove excess blood,

and forced through a cold, household garlic press to produce a brei.

The brei from three animals was poolcd and well mixed in a petri dish

set in ice.

Warburg reaction vessels were placed in crushed ice and prepared

containing 3 mi cold Krebs-Ringer phosphate buffer pH7.4 (12),

approximately 200 mg. (wet) lung brei and 0.2 ml 30OKUM with flutted

filter paper in the center well. 02 utilization was followed for one

hour from the time the substrate was added. When a substrate was

added, it was contained in 0.5 *1 of -rebs-Ringer phosphate buffer

placed in the side-arm and 0.5 ml less of the buffer was added to the

main compartmnt. a.-etoglutarate or succinate was added in final

concentration of 0.03 H. 0,02 (NI 02 / mg dry weight / hour) was

dotermined in the usual way (12).

Results

When Q)2 of lung brel from control animals injected with growth

medium or saline was determined, no significant differee was evident,
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Q02 of 3.36 for growth medium (18 samples) and 3.27 for saline

(6 samples). When the toxic growth medium was injected there was

a 30% decrease in the Q02 as compared to saline control (table3)4

This effect was significant, statistically as well as biologically

at a level of P<0.001. When l-ketoglutarate was added thexe was

a slight (15%) increase in Q02 for the control with a similar (20%)

increase in the toxin treated animals. This left the experimental

still depressed by 30' (P<0.001). When succinate was added, a much

greater increase (145%) in the Q02 of the control tissue than with

a a-ketoglutarate was observed. However, the Q02 increase (210%) in

the experimental tissue was even greater than that in the controls

so that the original depression of 30% rose to a non-statistically

significant value of 12% of .ntrol. Thus, the limiting factor

in the depression without added substrate might be the rate of

production of succinate from a-ketoglutarate. Since succinic

dehydrogenase is itself a T!avoprotein, not requiring DPN in the

electron transport scheme, this limitation could be the result of

decreased activity of the enzymes involved in the steps between

C-ketoglutarate and succinate, requiring DPN. Experiments are underway

to clarify the mechanism involved.

III. As part of the studies on tie mechanism of the response to
+ +

fever, an apparatus to measure, simultoneously, the blood Na , K

Cl, CO2 content and pH has been developed. Figure 1 is a flow diagram

of this apparatus. Table 4 illustrates preliminary results obtained

with this equipment.
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TABLE I

Changes in Serum Globulin in Fever

Percent of Injected Dose X10-S

Control Hyperthi rAc

S _ I 9 i l = i, i ii_

4 hour 24 hour 4 hour 24 hour

- 1 p

59 74 24 25

40 32 29 25

31 23 24 11

63 61 30 23

33 19

30 ! 16

26 17

Mean 40 35 27 1 21

iI
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TABLE 2

Depression of Serum Globulin Turnover

Time 4 hours! 8 hours 12 hours 16 hours 20 hours 24 hours

%of 67 63 62 58 60.5 60
control



Table 3. Changes in QO2 resulting from injection of **h twin.

___________Q09, P/ dry wIght Pmw ____

Pubtrate Se 4.ne Control Ixpewimi1t1 P<

one 2.48 +0.69 (36) 1.67 - 0.51 (38) 0.0oA

k L utarate 2.85 0.49 (22) 2.06 ± 0.63 (20) 0.001

$uccinate 6.06 1 1.00 (.1) 5.16 _ 1.10 (31) N. 8.

* See text for experimental details. Numbers n ( ) UldIate the

number of specimens contributing to the mean. - o stalard

deviation.

[
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Table 4. Results of Multiple Analysis with the Autoanalyzer.
For In VIYDtudies

+ 1./ +Cone. Na k.C0

Mean % TRANSWISSION - 1 .... _
100 87.6 ± G.1

90 72.1 + 6.8

80 62.3 + 6.9

70 45.1 .t 6.5-

60 29.2 G 5.2

50 10.6 + 3.3

4 88.9 ±-3.6

3 74.9 t 3.5

2 50.7 ± 2.5

1 43.3 2.0

80 20.2± 2.B

70 27.0 - 2.1

60 38.8 ± 2.5

54 S1.2± 40

43 81.5 ± 4.6

32 91.3 ± 1.7

25 95.7 + 4.2

20 84.2 + 7;0i

15 S6.8 ! 8.5
10 31.0-t 3.8

5 19.1- 2.5
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